Introduction
============

Falling is one of the most common problems in the elderly that can cause morbidity, including fracture and disability, and mortality. It may have negative effects on physical, psychological, and socioeconomic status. The incidence of falls in a population of community-dwelling older adults will increase with advancing age: Downton[@b1-cia-6-111] found that the incidence was 28%--35% in elderly aged more than 65 years, and 32%--42% in those aged more than 75 years. Elderly with a history of falls are at greater risk of falling again.[@b2-cia-6-111] Approximately 30% of falls result in an injury that requires medical attention, and approximately 10% result in a fracture.[@b3-cia-6-111] Fall prevention is an important strategy for reducing osteoporotic fractures. Hektoen et al estimated the cost-effectiveness of fall prevention, which can reduce health care costs for treating fall-related injuries, was 1.85 times higher than the cost of implementing a fall prevention program.[@b4-cia-6-111]

There is evidence that exercise can prevent falls.[@b5-cia-6-111]--[@b8-cia-6-111] Exercise is beneficial even in those aged more than 80 years.[@b9-cia-6-111] Petridou et al reported that exercise-alone interventions were about five times more effective in reducing recurrent falls among community-dwelling older people compared with multifactorial interventions.[@b10-cia-6-111] Therefore, encouraging older adults to participate in exercise should be beneficial. Among multimodal exercises, a meta-analysis of the seven Frailty and Injuries: Cooperative Studies of Intervention Techniques (FICSIT) exercise trials suggests that balance exercise may be more effective in lowering falls risk than the other exercise components.[@b11-cia-6-111]

Models of exercise vary, including computerized feedback postural training programs; sophisticated exercise machines; and controlled group exercise in the hospital.[@b12-cia-6-111],[@b13-cia-6-111] However, older adults who are at risk usually refuse to participate in hospital-based exercise programs.[@b14-cia-6-111] Home-based exercises may be appropriate for such a long term condition. Therefore, we aimed to study the effectiveness of simply-performed balancing training exercise, done at home, in reducing falls and improving balancing abilities in elderly patients who had already suffered from falls, and to follow up these effects for 1 year.

Methods
=======

This study was conducted at Siriraj Hospital, Thailand, from January 2009 to May 2010. Following Siriraj Ethical Committee approval, we recruited elderly out-patients who had a history of falls in the previous 12 months. Our definition of fall was "an event that resulted in a person coming to rest unintentionally on the ground or other lower level, and which does not occur as a result of an intrinsic event or overwhelming hazard".[@b15-cia-6-111] The inclusion criteria were: elderly aged more than 50 years who fell; or those with a history of osteoporotic fracture in the previous year. Those who could not follow commands, or had a severe medical condition that prevented them from performing exercise, were excluded.

After participants signed the informed consent, demographic data including age, sex, underlying diseases, fall history, walking ability, turning, ability to go outside by oneself, and fear of fall history were recorded. Participants were evaluated for balancing abilities using a battery of tests including: Timed Up and Go test (TUGT)[@b16-cia-6-111] (time taken to rise from a chair, walk a 3 m distance, turn around, walk back and sit down); chair stand[@b17-cia-6-111] (time taken to rise from a chair with arms folded and sit down, repeated five times); functional reach[@b18-cia-6-111] (distance that participants can reach their arms forward as far as they can without losing balance); and Berg balance scale-short form (BBS-SF)[@b19-cia-6-111] (score ranged from 0--28, high = good balance). The BBS-SF was composed of only seven items from the Berg balance scale (BBS).[@b20-cia-6-111] It was proved to be psychometrically similar to the original BBS. All of the tests were conducted sequentially at baseline, and after 3 months, 6 months, 9 months, and 12 months in the exercise program. In addition, quality of life scores (SF-36)[@b21-cia-6-111]; a specific health questionnaire assessing physical functioning; psychological functioning; social functioning and vitality; and fall efficacy scale (FES),[@b22-cia-6-111] a 14-activity questionnaire identifying early stages of fear of falling in active community-dwelling older people, were assessed both at baseline and after a 12-month period.

Participants were shown how to perform easy balancing exercises. They practiced the exercises until they could perform them correctly. All received brochures and a DVD reminding them how to exercise daily at home. The exercises included: strengthening exercise, emphasizing hip abductors and extensors; closed kinetic chain quadriceps exercise; marching; stepping over a bench; standing up from a chair with arms folded; and tandem walk (walking heel-to-toe in a straight line). They were asked to perform seven balance exercises, 10--20 repetitions for each, which took about 15--20 minutes per day, record the frequency of exercise or compliance in their diaries and bring these records to the researchers every visit. Participants who exercised less than 3 days per week were classified as having poor compliance, while good compliance was defined as performing exercise at least 3 days per week. In addition, the relationship between compliance with exercise and balancing abilities were analyzed. According to the classification of exercise compliance at 1-year follow up, subjects who were categorized in the good compliance group had to report good compliance at every visit; otherwise, they were classified in the poor compliance group. Moreover, new falls during the study period were also recorded prospectively in their diaries. The factors related to falls were also analyzed.

Statistical analysis
====================

Demographic data was presented by descriptive statistics. A Chi-square test was applied to compare fall frequencies between the baseline and 1-year period by per-protocol and intention-to-treat analysis methods. Balancing abilities, quality of life scores (SF-36), and FES at baseline and 1 year after were compared by paired *t*-test. Factors associated with falls were analyzed using a Chi-square test or Fisher's exact test for qualitative data. Multiple logistic regression was used to analyze the confounding factors. A *P*-value of ≤0.05 was considered statistically significant. Analyses were performed using PASW statistic 18 (SPSS Inc, Chicago, IL).

Results
=======

One hundred and forty-six elderly subjects were recruited via an advertising board in our hospital. We compared the retained and drop-out subjects by age, sex and frequency of previous fall and fracture, and found that there were no significant differences except age (66.5 ± 8.0 and 70.0 ± 9.2 years in retained and drop-out groups respectively). There were 28 subjects (19.2%) lost to follow-up due to inability to contact (8, 5.5%), unavailability (9, 6.2%), being withdrawn from the study (8, 5.5%), and only three (2.0%) had serious medical problems (stroke, craniotomy and myocardial infarction). The craniotomy was due to a fall and the event occurred within the first month after recruitment. The patient had fallen four times in the previous year. No one died or suffered hip fractures in our study. Only 104 (71.2%) could be completely followed up through 1 year.

[Table 1](#t1-cia-6-111){ref-type="table"} shows the demographic data of the 146 subjects. Most of the subjects were female (116, 79.5%) with a mean age of 67.1 years. The average BMI was 25.2 ± 4.4 kg/m^2^. About half of them were married. The three most frequent underlying diseases were dyslipidemia (47.9%), hypertension (47.3%), and diabetes mellitus (15.8%). Thirteen percent of subjects had a history of fracture due to falls. Almost all of them could walk independently (86.8%) and were able to go outside by themselves (90.4%). The number of subjects who used more than four medications was 44 (34.1%). Three-quarters (75.3%) reported fear of falling, 59.6% had swaying on turning, and 33.6% had difficulty on turning.

[Table 2](#t2-cia-6-111){ref-type="table"} presents the number of falls in the test group at the baseline and at 1 year, compared between per-protocol (PP) and intention-to-treat (ITT) analysis methods. At baseline, all subjects had a history of at least one previous fall. At the end of the study, 51 (49%) participants had not fallen during the study period. The number of patients who fell was decreased at the 12-month period. At baseline, 69 subjects (47.3%) had fallen once and 77 subjects (52.7%) had fallen twice or more. During the 12-month study period, 24 patients (23.1%) fell once and 29 patients (27.9%) fell twice or more. After using ITT analysis, we hypothesized that all the subjects who were lost to the study fell at least once and the frequency of falls was summated during the whole year period. The results from ITT were related to the PP method (*P* \< 0.001) as presented in [Table 2](#t2-cia-6-111){ref-type="table"}.

Balancing abilities including TUGT, chair stand, functional reach and Berg balance scale-short form, at baseline and 1-year follow up period, for both frequent and infrequent falls groups are shown in [Table 3](#t3-cia-6-111){ref-type="table"}. They were significantly improved except for functional reach in the frequent fall group. The mean difference between infrequent and frequent falls at 12-month was not statistically significant between groups (using regression analysis). Compliance was good (72%--79%) with most subjects ([Table 4](#t4-cia-6-111){ref-type="table"}). According to [Figure 1](#f1-cia-6-111){ref-type="fig"}, compliance has no effect on balancing abilities.

At the end of the study, the quality of life score increased significantly in 8 domains ([Figure 2](#f2-cia-6-111){ref-type="fig"}). The fall efficacy score (FES) also increased significantly (116.6 ± 26.4 versus 121.7 ± 23.1 at baseline and 12-month respectively). Regarding the adverse events (AE) of exercise, 48 out of 132 participants (36.4%) had an AE, of which knee pain was the top ranked (20, 15.2%), followed by calf pain and hip pain (6, 4.5% and 5, 3.8%, respectively).

The factors affecting frequency of fall including age, sex, underlying diseases, fear of falling, history of falls, compliance with exercise, medication use, difficulty on turning, swaying on turning, ability to walk, and ability to go outside were analyzed. However, only compliance with the exercise program (adjusted odds ratio \[OR\]: 2.55, 95% confidence interval \[CI\]: 1.04, 6.30) and a history of fall ≥ three times in the previous year (adjusted OR: 3.76, 95% CI: 1.18, 11.98) were related to falls ([Table 5](#t5-cia-6-111){ref-type="table"}).

Discussion
==========

Our study showed that simply-designed balancing exercises used by the elderly who have a history of frequent falls can decrease fall rate, and significantly increase balancing abilities including TUGT, chair stand, functional reach and Berg balance scores. The improved outcomes may be due to the encouragement of the elderly to be aware of falls and to perform regular exercise at home. However, all the balancing abilities were secondary outcomes. Our primary outcome, number of falls, was significantly reduced after intervention.

There are many systematic reviews concerning fall prevention in the elderly.[@b23-cia-6-111]--[@b26-cia-6-111] An analysis by Gillespie et al of 55,303 participants revealed that multiple-component group exercise could reduce the rate of falls in older people living in the community (rate ratio: 0.78, 95% CI: 0.71--0.86).[@b8-cia-6-111] Another review also confirmed that balancing exercises can reduce the rate of falling (rate ratio: 0.83, 95% CI: 0.75--0.91).[@b27-cia-6-111] It is beneficial even in those older than 80 years.[@b9-cia-6-111],[@b28-cia-6-111] However, the type of exercise that the elderly could accept and comply well with was still questionable. Therefore, we designed a simple balancing exercise that was easily done at home, with less adverse events, and which was appropriate for the elderly.

There are many factors relating to falls including age, muscle power, impaired balance, use of psychoactive drugs, poor vision and degenerative joint disease.[@b3-cia-6-111], [@b29-cia-6-111] Our study revealed that one of the factors affecting fall rate was a history of previous falls. This was in accordance with other studies which reported that patients with a history of falls during the previous year showed an increased risk of falls.[@b30-cia-6-111]--[@b32-cia-6-111] Those who had repeated falls will have an increased risk of trauma and fracture as well. Therefore, strategies to prevent falls, including reviewing medications, correction of environment, improvement of strength, and regular balance training, should be encouraged in the elderly.

Compliance is another factor affecting fall rate in our study. Most subjects performed exercise regularly at least 3 days per week. However, we could not demonstrate that compliance had any effect on balancing abilities. The reasons may be because 1) the number of subjects in each group was insufficient (60 in good compliance and 44 in poor compliance groups) to demonstrate significant changes in each groups' balancing abilities, 2) most of our participants were "young-old" (mean age was 67.1 ± 8.4 years, and 88 patients (60.3%) were less than 70 years), so their balance would be better than in participants in other studies where the mean age was higher, 3) difficulty experienced by elderly patients in recording the frequency of exercise, 4) these balancing abilities may not be sensitive enough to represent true balance, 5) the final classification group of compliance with exercise may be our limitation because to be classified in the good compliance group, subjects had to perform well at every visit; otherwise, they were classified in the poor compliance group. However, encouraging the elderly to participate in exercise regularly should be emphasized because this method was an effective strategy. Moreover, prevention of falls using exercise is cost-efficient, so it can be implemented in countries with fewer resources.[@b10-cia-6-111]

This simply-designed exercise also affects quality of life (QoL) in both physical and mental health dimensions. The results in this study showed the benefits of balancing exercise in decreased fall rates, and increased QoL. Our study was in line to that of Lin et al,[@b33-cia-6-111] who reported that QoL scores in an exercise group of elderly with recent falls was greater than in those in an education group or a home safety assessment and modification group. Therefore, we can conclude that exercise improves both balance and quality of life. Encouraging the elderly to exercise regularly is an effective way to prevent falls, and should be emphasized in medical practices.

There are some limitations in our study. 1) We had no control group. We only compared pre- and post-intervention in the frequent faller group, so our results were not suitable for a randomized controlled trial (RCT) design. We did not recruit non-fallers because our objective was to study the efficacy of simple balance exercise in frequent fallers. 2) The number of participants who could be completely followed up was only 104 from 146 (71.2%). In addition, the 28 subjects who were lost to follow up were older than the retained subjects. This may be due to the need to make multiple visits to the clinic during the study period. 3) The record of compliance of exercise in elderly patients is rather difficult to validate.

Conclusion
==========

A simply-designed balancing exercise program, performed at least 3 days per week, can increase balancing abilities, and decrease fall rates in the elderly with previous falls. However, strategies to encourage elderly compliance may prevent falling.
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###### 

Demographic data of 146 participants

  **Demographic data**               **n = 146**
  ---------------------------------- -------------
  Age (years)                        67.1 ± 8.4
  Body mass index (kg/m^2^)          25.2 ± 4.4
  Sex: female                        116 (79.5%)
  Marital status: married            70 (47.9%)
  Underlying diseases                
    Dyslipidemia                     70 (47.9%)
    Hypertension                     69 (47.3%)
    Diabetes mellitus                23 (15.8%)
    Ischemic heart disease           9 (6.2%)
  History of previous fracture       18 (12.8%)
  Walking independently              125 (86.8%)
  Able to go outside by themselves   132 (90.4%)
  Medication use ≥4                  44 (34.1%)
  Fear of falling                    110 (75.3%)
  Swaying on turning                 87 (59.6%)
  Difficulty on turning              49 (33.6%)

###### 

The number (%) and 95% confidence interval of subjects who fell at baseline and 12-month after recruitment (cumulative frequency), analyzed by per protocol (PP) and intention-to-treat (ITT) methods

  **Fall frequency**   **Per protocol**            ***P*-value**               **Intention-to-treat[^b^](#tfn3-cia-6-111){ref-type="table-fn"}**   ***P*-value**                                           
  -------------------- --------------------------- --------------------------- ------------------------------------------------------------------- --------------------------- --------------------------- ---------------------------------------------------
  Did not fall         --                          51 (49.0%) (39.6%, 58.5%)   \<0.001[\*](#tfn4-cia-6-111){ref-type="table-fn"}                   --                          51 (34.9%) (27.7%, 43.0%)   \<0.001[\*](#tfn4-cia-6-111){ref-type="table-fn"}
  Fell one time        69 (47.3%) (39.3%, 55.3%)   24 (23.1%) (16.0%, 32.0%)                                                                       69 (47.3%) (39.3%, 55.3%)   28 (19.2%) (13.6%, 26.3%)   
  Fell ≥ two times     77 (52.7%) (44.7%, 60.7%)   29 (27.9%) (20.2%, 37.2%)                                                                       77 (52.7%) (44.7%, 60.7%)   67 (45.9%) (38.0%, 54.0%)   

**Notes:**

Only 104 subjects could be completely followed up every visit;

ITT was hypothesized that the lost-to-follow-up patients fell at least one time;

Statistical significance at a level of 0.05.

###### 

Mean (SD) of the balancing abilities at baseline and 12-month follow up period compared between infrequent fall and frequent fall groups (N = 118)

  **Balancing abilities**   **Infrequent falls[^a^](#tfn6-cia-6-111){ref-type="table-fn"} (n = 54)**   ***P*-value**   **Frequent falls[^b^](#tfn7-cia-6-111){ref-type="table-fn"} (n = 64)**   ***P*-value**   **Mean difference[^c^](#tfn8-cia-6-111){ref-type="table-fn"} (95% CI)**   ***P*-value**                                                             
  ------------------------- -------------------------------------------------------------------------- --------------- ------------------------------------------------------------------------ --------------- ------------------------------------------------------------------------- --------------------------------------------------- --------------------- ------
  TUGT (s)                  11.6 (4.1)                                                                 8.3 (2.0)       \<0.001[\*](#tfn9-cia-6-111){ref-type="table-fn"}                        11.6 (4.2)      9.2 (5.9)                                                                 \<0.001[\*](#tfn9-cia-6-111){ref-type="table-fn"}   −0.88 (−2.24, 0.49)   0.21
  Chair stand(s)            14.5 (4.5)                                                                 9.5 (1.8)       \<0.001[\*](#tfn9-cia-6-111){ref-type="table-fn"}                        15.2 (5.0)      10.1 (2.7)                                                                \<0.001[\*](#tfn9-cia-6-111){ref-type="table-fn"}   −0.45 (−1.17, 0.27)   0.22
  Functional reach (cm)     25.9 (5.5)                                                                 27.8 (6.5)      0.015[\*](#tfn9-cia-6-111){ref-type="table-fn"}                          26.5 (5.2)      27.9 (6.3)                                                                0.055                                               0.35 (−1.59, 2.28)    0.72
  Berg balance score        24.6 (2.7)                                                                 25.5 (3.1)      0.031[\*](#tfn9-cia-6-111){ref-type="table-fn"}                          24.5 (3.8)      25.5 (3.8)                                                                0.004[\*](#tfn9-cia-6-111){ref-type="table-fn"}     −0.04 (−0.98, 0.90)   0.93

**Notes:**

Infrequent fall means fall 0--1 time;

Frequent falls means fall ≥ two times;

Mean difference between infrequent and frequent falls at 12-month adjusted for baseline values using regression analysis;

Statistical significance at a level of 0.05.

**Abbreviation:** TUGT, timed up and go test.

###### 

Compliance with exercise during 3-month, 6-month, 9-month and 12-month follow up period

  **Compliance[^a^](#tfn12-cia-6-111){ref-type="table-fn"}**   **3-month (n = 132)**   **6-month (n = 121)**   **9-month (n = 111)**   **12-month (n = 118)**   **Completely F/U (n = 104)[^b^](#tfn13-cia-6-111){ref-type="table-fn"}**
  ------------------------------------------------------------ ----------------------- ----------------------- ----------------------- ------------------------ --------------------------------------------------------------------------
  Good                                                         95 (72.0%)              94 (77.7%)              86 (77.5%)              93 (78.8%)               60 (57.7%)
  Poor                                                         37 (28.0%)              27 (22.3%)              25 (22.5%)              25 (21.2%)               44 (42.3%)

**Notes:**

Compliance: good means exercise at least three days per week, poor means exercise less than three days per week;

Patients who could be completely followed up every visit.

**Abbreviation:** F/U, followed up.

###### 

Crude odds and adjusted odds of the factors relating to fall frequency (N = 104)

  **Factors**                **Infrequent falls (n = 75)**   **Frequent falls (n = 29)**   **Crude odds ratio[^a^](#tfn16-cia-6-111){ref-type="table-fn"} (95% CI)**   **Adjusted odds[^b^](#tfn17-cia-6-111){ref-type="table-fn"} (95% CI)**
  -------------------------- ------------------------------- ----------------------------- --------------------------------------------------------------------------- ------------------------------------------------------------------------
  Age                                                                                                                                                                  
    \<75                     66 (88.0%)                      23 (79.3%)                    1.0                                                                         --
    ≥75                      9 (12.0%)                       6 (20.7%)                     1.91 (0.61, 5.96)                                                           
  Sex                                                                                                                                                                  
    Male                     16 (21.3%)                      8 (27.6%)                     1.0                                                                         --
    Female                   59 (78.7%)                      21 (72.4%)                    0.71 (0.27, 1.90)                                                           
  Underlying diseases                                                                                                                                                  
    0--1                     41 (54.7%)                      14 (48.3%)                    1.0                                                                         --
    ≥2                       34 (45.3%)                      15 (51.7%)                    1.29 (0.55, 3.05)                                                           
  Fear of fall                                                                                                                                                         
    No                       15 (20.0%)                      10 (34.5%)                    1.0                                                                         --
    Yes                      60 (80.0%)                      19 (65.5%)                    0.48 (0.18, 1.23)                                                           
  Previous fall                                                                                                                                                        
    \<3 times                68 (90.7%)                      21 (72.4%)                    1.0                                                                         1.00
    ≥3 times                 7 (9.3%)                        8 (27.6%)                     3.70 (1.20, 11.41)[\*](#tfn18-cia-6-111){ref-type="table-fn"}               3.76 (1.18, 11.98)[\*\*](#tfn19-cia-6-111){ref-type="table-fn"}
  Compliance with exercise                                                                                                                                             
    Good                     48 (64.0%)                      12 (41.4%)                    1.0                                                                         1.00
    Poor                     27 (36.0%)                      17 (58.6%)                    2.52 (1.05, 6.05)[\*](#tfn18-cia-6-111){ref-type="table-fn"}                2.55 (1.04, 6.30)[\*\*\*](#tfn20-cia-6-111){ref-type="table-fn"}
  Medication use                                                                                                                                                       
    0--3                     50 (66.7%)                      23 (79.3%)                    1.0                                                                         --
    ≥4                       25 (33.3%)                      6 (20.7%)                     0.52 (0.19, 1.45)                                                           
  Difficulty on turning                                                                                                                                                
    No                       47 (62.7%)                      21 (72.4%)                    1.0                                                                         --
    Yes                      28 (37.3%)                      8 (27.6%)                     0.64 (0.25, 1.64)                                                           
  Swaying on turning                                                                                                                                                   
    No                       28 (37.3%)                      15 (51.7%)                    1.0                                                                         --
    Yes                      47 (62.7%)                      14 (48.3%)                    0.56 (0.23, 1.32)                                                           
  Walking ability                                                                                                                                                      
    Independent              67 (89.3%)                      27 (93.1%)                    1.0                                                                         --
    With aids                8 (10.7%)                       2 (6.9%)                      0.60 (0.12, 3.11)                                                           
  Going outside                                                                                                                                                        
    Independent              68 (90.7%)                      28 (96.6%)                    1.0                                                                         --
    Need assistance          7 (9.3%)                        1 (3.4%)                      0.35 (0.04, 2.95)                                                           

**Notes:**

Chi-square test, Fisher's exact test for qualitative data;

Multiple logistic regression analysis;

Statistical significance at a level of 0.05;

*P*-value = 0.03;

*P*-value = 0.04.

**Abbreviation:** CI, confidence interval.
